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AHanH3 jiHTepaTypbi noxa3biBaeT, hto cnereMa 6noTpaHC(})opMaiiHH xccho6hothxob y 
rejibMHHTOB HMeeT CymeCTBeHHbie OTJIHHHJI OT TaXOBOH n03B0H0HHbIX X035ieB. B HaCTHO- 
cth, y napa3HTOB He perHCTpupyeTCJi axTHBHocTb ocHOBHbix 0KCH^a3 (jrnbi I, Taicnx xa k 
CYP hjih FMO, HecMOTpa Ha to hto reHbi othx cjjepMeHTOB o6Hapy>xeHbi b flHK. FlpoBe- 
^eHHbie Hccjie^OBaHH^ CBHjjeTejibCTByioT o hbjihhhh y rejibMHHTOB yHnxajibHbix (JjopM 
4>epMeHTOB (jmbi II, H3yneHHe KOTopbix npeACTaBJineT HecoMHeHHbiH HHTepec b CB5I3H c 
hx bo3mo>xhoh pojibio b npHcnocoOjieHHH k napa3HTHnecxoMy o6pa3y >xh3hh. MHorwe 
rnyTaTHOH S-TpaHC(})epa3bi rejibMHHTOB coAep>xaT cymecTBeHHbie cTpyxTypHbie pa3JiHHHn 
no cpaBHeHHK) C 3H3HMaMH X03JieB, 3TO AejiaeT nepeneKTHBHbIMH HCCJieAOBaHH5I no nOHC- 
xy napa3HTocneHH(J)HHecKHx BaxiiHH. B HacTonmee BpeMn GoJibiuoe BHHMaHHe yAeJineTcn 
H3yneHHio OejixoB (^a3bi III (ABC TpaHcnopTepoB) y napa3HTOB, Tax xax HaxanjiHBaeTcn 
Bee 6ojibme CBejjeHHH 06 ynacTHH othx MOJiexyji b (^opMHpoBaHHH pe3HCTeHTHOCTH x aH- 
THreJIbMHHTHXaM. 

Kwoneebie cnoea \ (^a3bi I, II h III 6noTpaHC(})opMai;HH, xceHoOnoTHXH, ijHToxpoMbi 
P450, rnyTaTHOH S-TpaHC(j)epa3a, (jjJiaBHH MOHooxcnreHa3bi, ABC TpaHcnopTepbi. 


Bojibinoe hhcjio bhrob rejibMHHTOB, npe,zjCTaBHTejieH xjiaccoB Trematoda, 
Cestoda, Nematoda, napa3HTHpyiOT y nejioBexa h ^pyrnx ho3bohohhbix 
ncHBOTHbix, BbObman onacHbie Rim 3AopoBba h )kh3hh 3a6ojieBaHHH. Ilocjiea- 
Hne 40 JieT KjnoHeBbiM no^xo^OM k 6opb6e c rejibMHHT03aMH hbjihctch npocjm- 
jiaxTHnecKoe h TepaneBTHHecxoe npHMeHeHne (jjapMaxojiorHHecKHx npenapa- 
tob (Cvilink et al., 2009). O^Haxo CHTyaijHH chjibho ocJioncHaeTCH tcm, hto 

HHCJIO £OCTynHbIX aHTHreJlbMHHTHKOB HeBeJIHKO, OHH HCnOJIb3yiOTCH b Tene- 
HHe OTHTeJIbHOrO BpeMeHH, H HX 3(})(})eKTHBHOCTb CHHncaeTCH H3-3a pa3BHTHH 
y rejibMHHTOB ycTOHHHBocTH k hhm. B HacToamee epeMH pacTeT HHTepec k 
H 3yHeHHio MexaHH3MOB 6HOTpaHC^)opMai^HH Hyncepo^Hbix coe^HHeHHH y na- 
pa3HTHHeCKHX HepBCH, nOTOMy HTO (^OpMHpOBaHHe y rejibMHHTOB pe3HCTeHT- 
HOCTH K JiexapCTBeHHblM CpeACTBaM CBH3aHO C 6HOXHMHHeCKHMH CHCTCMaMH, 
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KOTopbie 3amnmaioT opraHH3M ot noxeHUHajiL.no HeraTHBHoro bo3Aghctbhh 
K ceHo 6 noTHKOB (Robinson et al., 2004). 3nainm 06 otjihhhhx chctcm acto- 
KCHKannn napa3HTa ot TaKOBbix xo3HHHa MoryT 6 biTb ncnonb30BaHbi npn co- 
3AaHHH nepeneKTHBHbIX aHTHrejlbMHHTHKOB, OCHOBaHHbIX Ha CejieKTHBHOM 
HHrH 6 npOBaHHH 3amHTHbIX MexaHH3MOB. 3 t 0, BO-nepBbIX, MO>KeT nOBbICHTb 
HyBCTBHTejlbHOCTb rejlbMHHTOB K JieKapCTBeHHOMy B 03 HCHC 1 BHK) H, BO-BTO- 
pbix, cnejiaTb nx MeHee 3amnmeHHbiMn b ycnoBHHx aKTHBHoro HMMyHHoro 
OTBeTa xo 3 aHHa (Barrett, 1997). 


OELLJHE II0JI02KEHIM 

no coBpeMeHHbiM npeflCTaBJieHHHM, cncieMa 6noTpaHC(J)opManHH KceHO- 
6 hothkob y aoiBOTHbix coctoht h 3 3 t|)a3 (Cvilink et al., 2009). B nepBoir (J)a3e 
nponcxouHT npncoeuHHeHHe k nyacepoAHon MOJieKyne peaKnnoHHOcnoco6- 
hhx rpynn, t3khx KaK rnapoKcnjibHaa, KapSoKCHJibHan, aMHHorpynna hjih 
cyjib^mapHJibHaa rpynna. KaiajiH3 peaKnnn ocymecTBJiHeT pHA (J)epMeHTOB 
rnupojiH3a n oKncjieHHH—BOCCTaHOBjieHHH. Han6ojiee BaacHon rpynnon 3H3H- 
mob nepBoir (J)a3bi HBuneTCH ceMencTBO uhtoxpomob P450 (CYP450), o6Hapy- 
aceHHbix npaKTHnecKH y Bcex jkhbbix opraHH3MOB. HAeHTn^nnnpoBaHo 6ojiee 
tmchhh pa3JiHHHbix CYP, KOTopbie coctoht H3 HecKOJibKHx ceMencTB h noAce- 
MencTB, KjiaccHtjmnnpyeMbix Ha 6a3e roMOJiornnecKnx nocjieAOBaTejibHOCTen 
reHOB. HHoraa CYP450 ouih6ohho KjiaccHcJjnnnpyiOTCH KaK Hecnenn(J)HHe- 
CKne HA/(<l)-3aBHCHMbie MOHOOKcnreHa3bi (EC 1.14.14.1). 3 to cbh33ho c tcm, 
hto 6ojibuinHCTBO ypaBHeHHH peaKUHH n cncTeMaTHHecKne HanMeHOBaHHH b 
EC cnncKe (J)epMeHTOB P450 coAepacaT HA/JOH. OAHaKo 3 th peaKnnn AencT- 
BHTejlbHbl TOJlbKO AJIH 06beAHHeHHbIX CHCTCM, COCTOHUIHX H3 P450 H 
HA/^OH-nHTOxpoM peAyKTa3bi (EC 1.6.2.4), ho He ajih P450 KaK caMocTon- 
TejibHon eAHHHUbi. Ha aojho CYP450 npnxoAHTCH CBbiuie 80 % ot o6mero 
HHCJia 3H3HMOB, 3aA6HCTBOB3HHbIX B 3TOH (J)a3e (Whyte et al., 2000). CYP TaK- 
ace HipaiOT B3>KHyK) pojlb B 3HAOreHHOM MeTa6ojIH3Me CTepOHAOB, JKHpHbIX 
KHCJIOT H npOCTarnaHAHHOB. 

KpoMe CYP450, k (J)epMeHT3M (})a3bi I 6HOTpaHC(jjopManHH kccho 6 hothkob 
othocht T3KH(e AerHAporeHa3bi, OKCHA33bi, (|)jiaBonpoTeHHpeAyKTa3bi, ano- 
KCHArHApojia3bi, 3CTepa3bi h aMHAa3bi. CnnpTbi, ajibAerHAH h kctohm MeTa- 
6ojiH3HpyiOTCH nepe3 aKTHBauHKt peAyKTa3/AerHAporeHa3. 3th (JiepMeHTbi 
oSbeAHHeHbi b 3 Kjiacca — cpeAHeuenoHeHHbie AerHAporeHa3bi (MDR), ko- 
poTKonenoHeHHbie AernAporeHa3bi (SDR) h ajibAO-KeTopeAyKTa3bi (AKR) 
(Jez, Penning, 2001). Hx cy6cTpaTaMH hbjihiotch He TOJibKo kccho 6 hothkh, ho 
H pHA 3HAOreHHbIX COeAHHeHHH. B CHCTeMe OKHCJIHTejlbHO-BOCCTaHOBHTejlb- 
Hbix npeBpameHHH kccho 6 hothkob peaKUHHM BOCCTaHOBjiennH otboahtch mh- 
HHMajibHoe MecTO, ho b cjiyuae 6HOAerpaAauHH kctohob, ajibAeniAOB, xhho- 
HOB, HHTpOCOeAHHeHHH, N-OKCHAOB H S-OKCHAOB 3TO TJiaBHblH MeTa60JIHHe- 

ckhh nyTb (Cvilink et al., 2009). 

OjiaBHHCOAepjKauiHe MOHOOKcnreHa3bi (FMO) KaTajiH3npyiOT OKncjieHne 
6ojibmoro HHCJia kccho6hothkob, i ipeHMymecTBeHHO coAepjKaurnx HyKJieo- 
())HJibHbie aTOMbi a30Ta n cepbi. CeMencTBO reHOB 3thx (JjepMenroB 3HaHHTejib- 
ho MeHbuie, HeM ceMencTBO CYP, a (jjyHKHHH 3thx 3H3hmob noxa eme Majiono- 
HHTHbi (Krueger, Williams, 2005). 
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y MCHBOTHblX, B TOM HHCJie TeJIbMHHTOB, eCTb ipynna aHTHOKCH^aHTHblX 
(J)epMeHTOB, TaKHX Kax nepoKCHua3a, cynepoKcna^HCMyTa3a, KaTajia3a, rnyTa- 
thoh nepoKCnaa3a, nepoKCHpeuoKCHH (IIP), KOTopbie o6mhho He paccMaTpH- 
BaiOTca Kax 3H3hmh I t|)a3bi £>HOTpaHC(j)opMauHH, ho TeM He MeHee yuacTByiOT 
He TOJIbKO B 3JIHMHH3UHH nOBblUieHHblX KOHUeHTpaUHH TOKCHHHbIX aKTHBHbIX 
(J)opM KHCnopo^a (AOK), ho h b uerpauauHH L iyw:epojj;Hbix coeuHHeHHH. 

B c|)a3e II 6ojibuiHHCTBO MeTa6ojiHTOB, o6pa30BaBiuHxca b 4>a3e I, a TaioKe 
KceHoSnoTHKH, conepwamHe (jjyHKUHOHanbHbie rpynnbi, KOHBiorHpyioT uepes 
(J)epMeHTaTHBHbIH KaTa)TH3 C HeKOTOpbIMH 3HJOreHHbIMH COeaHHeHHBMH. B pe- 
3ynbTaTe peaKUHH o6pa3yiOTca MOJieKynbi c rHupocjiHJibHbiMH rpynnaMH. 

Ochobhoh nyTb oopa30BaHHa 3JieKTpocf)HJibHbix coeuHHeHHH coctoht b 
KOHbioraaHH KceHo6HOTHKa c HeSejiKOBbiM TpHnenTH,aoM rnyraTHOHOM (GSH), 
ocymecTBJiaeMOH rpynnoH (fiepMeHTOB, Ha3biBaeMbix rayTaTHOH S-TpaHccjoepa- 
33mh (GST). rnyTaTHOH S-TpaHC(f)epa3bi (EC 2.5.1.18) — 3to tbojhouhohho 
apeBHee h oourapHoe ceMeficTBO MyjibTHtjiyHKUHOHajibHbix 3H3hmob, KOTopbie 
ynacTByiOT b ueTOKCHKaumi noTeHunajibHO onacHbix MOJieKyji 3K30- h 3h^o- 
reHHoro npoHCxow:jeHHa (icaHueporeHbi, JieKapcTBeHHbie npenapaTbi, npoayK- 
tm nepeKHCHoro okhcjichm h up.) (Armstrong, 1997). 

Eure OflHHM h 3 BapnaHTOB KOHbiorauHH y MJieKonHTaioumx nBJiaeTca coe- 
AHHeHHe KCeH 06 H 0 THKa C rJHOKypOHOBOH KHCJIOTOH C nOMOIHbK) y/IO-rJIIOKy- 
P0H03HJ1 TpaHC(f)epa3 (Cvilink et al., 2009). Thhhhhmmh cy6cTpaTaMH ana 3thx 
(JiepMeHTOB aBJiaiOTca cnnpTbi, cfieHOJibi h opraHHuecKue khcjiotm. ApoMara- 
uecKHe aMHHbi hjih niupoKCHJiaMHHbi Moryr Taxace nouBepraTbca auerajinpo- 
BaHHio, KaTajiH3HpyeMOMy N-aueraJiTpaHC<j)epa3aMH. Ouhoh h3 BaacHbix peaK¬ 
UHH KOHBiorauHH aBJiaeTca cyjib^aTauna kccho6hothkob, b KOTopou yuacTBy- 
K)T cyjib(J)OTpaHC(f>epa3bi (Cvilink et al., 2009). 

B cf)a3e III ueTOKCHKauHH npoHexouHT BbiBeueHne H3 kjictok o6pa30BaB- 
rnuxca 3JieKTpo<f)HJibHbix KOHbioraTOB h MeTa6ojiHTOB. 3th BemecTBa He MoryT 
npoxouHTb uepe3 6HCJioHHbie cfioccfiojiHnHUHbie KJieTOHHbie MeM6paHbi, noaTO- 
My cymecTByeT CHCTeMa cneuH<j)HHecKHX TpaHcnoprabix 6cjikob, c noMombio 
KOTopbix h ocymecTBJiaeTca nepeHoc kccho6hothkob uepe3 MeM6paHbi. Kjho- 
HCByK) pOJIb B yuaJieHHH KCeH 06 H 0 THK 0 B H Co6cTBeHHbIX MeTa6oJIHTOB H3 KJie- 
tok urpaiOT ATO-CB33aHHbie Kaccerabie TpaHcnopTepbi (ABC), KOTopbie 
npeucTaBJiaiOT co6oii orpoMHoe ceMeiicTBO npoTeHHOB, xapaKTepHbix Kax ujih 
npoxapHOT, Tax h ayxapHOT. Mojiexyua ABC TpaHcnopTepa coctoht h3 
2 TpaHCMeMOpaHHbix uomchob (TMD) c 6 a-cnnpajibHbiMH yuacTKaMH h 2 uh- 
T030JibHbix HyKJieoTHu-CBa3biBaiourHx uoMeHOB (NBD), KOTopbie Ha3biBaiOTca 
AT0-cBa3biBaK>uiHMH KacceTaMH (ABC) (Alvarez et al., 2006). NBD couep- 
XCaT 3BOJIIOUHOHHO BbICOKOKOHCepB3THBHbie nOCJieUOBaTeJIbHOCTH, Heo6xo- 
UHMbie UJia CB»3biBaHHa ATO h nocjieuoBaTejibHOCTH LSGGQ (jichuhu- 
cepHJi-rjiHUHJi-rjiHUHJi-rjiyTaMHJi) — HueHTH<j)HKaTopbi ABC TpaHcnopTepoB 
(Jones, George, 2005). OopMHpoBaHne TpaHCMeMOpaiiHbix KaHaJioB npo- 
hcxouht nepe3 BiaHMoueucTBHe TMD c JiHnHUHbiM Ohcjiocm MeM6paHbi 
(Ambudkar et al., 2006). NBD npeucTaBJiaiOT co6oii «MOJieKyjiapHbie moto- 
pbi», KOTopbie npeo6pa3yiOT SHeprnio ATO b KOH(|iopMauuoHHbie H3MeHeHHa 
CHCTeMbi TpaHcnopTep—cyScTpaT, Heo6xouHMbie una ocymecTBJieHHa nepe- 
Hoca b KJieTKy hjih yuajreiiHa H3 Hee pa3JiHHHbix MOJieKyji. Ouhhm H3 HaH6oJiee 
H3BecTHbix TpaHcnopTepoB, KOTopbiii 6mji onncaH T3K>Ke h y napa3HTOB, aBJia- 
eTca P-rJiHKonpoTeHH (Pgp) — apxeranHaa MOJieKyua, H3BecTiiaa Taxace nou 
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a66peBHaTypoH MDR1 (multi-drug-resistance) (Koerbeuf et al., 2003). Hmchho 

(JjOpMHpOBaHHe MHOaceCTBeHHOH yCTOHHHBOCTH K pa3JIHHHbIM JieKapCTBeHHbIM 
npenapaTaM y acHBOTHbix h o6ycjiOBHJio HHTeHCHBHoe royneHue 3 toto 6eni<a y 
napa3HTOB ueJioBeica h HaceKOMbix (Ouellette, Legare, 2003). 

HeTKoe (JiyHKUHOHHpoBaHHe Bcex Tpex <J>a3 6uoTpaHC(f)opMauHH, ooecnenH- 
Batomux aeTOKCHKauHK') noTeHiuiajibHO onacHbix kcchoohotiikob. aBJiaeTca 
KpHTHHeCKHM MOMCHTOM 3aiIIHTbI OT B03fleHCTBH3 Ha OpraHH3M pa3JIHHHbIX Hy- 
acepOflHblX COeaHHeHHH, B HaCTHOCTH, npH pa3BHTHH yCTOHHHBOCTH rejIbMHH- 
tob k JieKapCTBeHHbIM npenapaTaM. 


OEPMEHTbl BII OT P A H C <DO P M A UIIII <!>A3bI I 

Kax H3BecTHo, npoueccbi okhcjichhh 6oJibmoro HHCJia kccho6hothkob y 
6aKTepHH, rpn6oB, pacreHHH, HaceKOMbix h MJieKonuTaioiuHX KaTajiH3HpyiOTca 
rjiaBHMM o6pa30M (JiepMeHTaMH chctcmm UHTOxpoMOB P450. B 1980-x rojiax 
6biJia npoBeaeHa cepna HccjienoBaHHH no bmubjichhio aKTHBHocTH CYP y pa3- 
Hbix bhaob rejibMHHTOB, KOTopbie 3aKOHHHJiHCb Hey/ianeM. B pe3yjibTaTe 6mji 
C^ejiaH BbIBOfl O TOM, HTO rejlbMHHTbl HBJ1HIOTCH yHHKajlbHblMH OpraHH3MaMH, 
y KOTopbix (jja3a I 6noTpaHC(jiopMaunn ocymecTBJiaeTca 6e3 ynacTiia cjjepMeH- 
tob CHCTeMbi CYP450 (Precious, Barrett, 1989). TeM He MeHee npn reHeTHHe- 
ckom aHajiH3e y CBo6o,zi,Hoa<HBymeH HeMaTO/ibi Caenorhabditis elegans BbiaB- 
jieHo 6ojiee 80 CYP-Ko;iiipyioiniix reHOB, KOTopbie bxouht b cocTaB ceMeiic i Ba 
CYP35 (Lindblom, Dodd, 2006). OKcnpeccHH pa3JiHHHbix reHOB 3toto ceMeii- 
ctbb pe3KO B03pacTajia iipu boijichctbhh pa;ia mijiyuMpyioimix CYP BemecTB, 
TaKHX KaK [3-Ha(|)TO(|)JiaBOH, aipa3HH, (JuiyopaHTHH, (JjTajiaTbi, TaaceJibie MeTaji- 
jim, TeM He MeHee nonra HHHero He HiBecTHO 06 ynacTHH CYP35 b SnoTpaHC- 
(JjopMairHH KceHo6noTHKOB (Menzel et al., 2005; Roh et al., 2007). CYP-no^oo- 
Haa aKTHBHOCTb, KOTopaa Bbipaacanacb b jiiokchjih poBamin ajuipima h /ictiii- 
JinpoBaHHH 3TOKCHKyMapHHa, noKa3aHa b MHKpocoMax jihhhhok Haemonchus 
contortus CTajiHH LI h L3, b to ace BpeMa y B3pocjibix iie\iai();i ee ypoBeHb 6bui 
Hpe3BbinaHHO Maji — b 10 000 pa3 Hnace, neM b MHKpocoMax Kpbic (Kotze, 
1997). EbiJia BbicKa3aHa THnoTe3a, hto juia B3pocjibix hcmbtoa, o6HTaioiuHX 
b KHiueHHHKe npH noHTH nojiHOM OTCyTCTBHH KHCJiopona, MCiaooJin'iecKne 
nyTH, CBa3aHHbie c okhcjichhcm kcchoOhothkob npn ynacraH CYP, MeHee 
BaacHbi, neM juia CBo6oAHoacHBymHX jihhhhohhmx ctbahh (Kotze et al., 2006). 
BoKpaji h coaBT. (Vokral et al., 2013) Taxace He BbiaBHJiH peaKiiHH CYP y 3thx 
HeMaTOn, co craHnapTHbiMH cyOcTpaTaMii jyia CYP1A (7-3T0KCHpe30pycj)HH), 
CYP2B (7-neHTOKCHpe3opy<J)HH) h CYP3A ( 7-6eH3HJioKCHpe3opyiJ)HH). IIpH 
aHajiH3e nepBHHHoro BapnaHTa reHOMa (draft genome) H. contortus BbiaBJieHo 
25 jioKycoB CYP, H3 KOTopbix 16 6mjih nojiHopa3MepHbiMH h 9 ceKBeHnpoBaHbi 
nacTHHHO (Laing et al., 1915). MaKCHMajibHO bmcokhh ypoBeHb 3KcnpeccHH 
6ojibmHHCTBa CYP OTMeneH y jihhhhohhmx CTanHH napa3HTa, a b anuax h y 
B3pOCJIbIX HaOjIKWJIH 3KCnpeCCHIO TOJIbKO HeKOTOpbIX (JjepMeHTOB. IIpH 3TOM 
y caMitoB 3tot npoitecc 6mji BbipaaceH cnjibHee, neM y caMOK. IIpoaBJieHHe aK- 
THBHOCTH, nyCTb He3HaHHTejIbHOH, aBTOpbl CBa3bIBaiOT C TeM, HTO B CJIH3HCTOH 
oSojiOHKe KHineHHHKa (MecTO napa3HTHpoBaHHa HMaro H. contortus) koh- 
UCHTpamia KHCJiopoaa Bbiiue, neM b npocBeTe, h CBa3aHa oHa c KaniiJiJiapHOH 
KpoBaHOH ceTbio. B noaTBepacneHHe 3 toh THnoTe3bi npHBOjiHTca ccbiJiKa Ha 
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pa6oTy Canaa c coaBT. (Saeed et al., 2002), KOTopbie o6HapyacHJiH Bbicoxyio 
CYP-noAo6Hyio aKTHBHOCTb b OTHomeHHH pafla cy6cTpaTOB (3a HCKJiiOHeHHeM 
7-3TOKCHpe3opyc|)HHa (CYP1 A) h aHHjiHHa) y B3pocjibix TpeMaTOA Schistosoma 
mansoni, napa3HTHpyiomHX (jjaxTHHecKH b a3po6Hbix ycJioBHax b bcho3hoh ch- 
CTeMe MJieK 0 nnTaK>mnx. IIpHMeHeHHe aHTHTeji k CYP Kpbic nm ^eieKUHH 
CYP y rejibMHHTa bwhbhjio b sa i \ mo; iefiCT b He aHTH-CYP2El h aHTH-CYP2B c 
6ejiKaMH S. mansoni h OTcyTCTBHe HMMyHHOH peaxuHH c aHTHCbiBopoTKon k 
CYP1A. 

H3 npoBeaeHHbix k HacroameMy BpeMeHH HccneAOBaHHH HeB03MoacHO c^e- 
jiaTb onpeaeJieHHbm bbiboa 06 o6a3aTeJibHOM ynacTHH CYP b npoueccax 6 ho- 
TpaHC(j30pMaUHH KCeH06n0THK0B y rejlbMHHTOB, 0C06eHH0 KHUieHHblX (J)OpM. 
3 t 0 CBH3aHO, BO-nepBbIX, C TeM, HTO HHCJIO HCCJieaOBaHHblX BIUOB OCTaeTCH 
BecbMa He3HaHHTeJibHbiM. Bo-BTopwx, noxa hto He yHHTbreaeTca reHeTHne- 
ckhh acneKT npoGaeMbi. B nacTHOCTH, cynepceMencTBO reHOB uhtoxpomob 
P450 no3BOHOHHbix )KHBOTHbix Moamo ycjiOBHO pa3AejiHTb Ha 2 rpynnbi — ce- 
MeftcTBa «CTa6HJibHbix» h «HecTa6HJibHbix» reHOB (Thomas, 2007). K nepBOH 
rpynne othochtch reHbi, KOTopbie KOAHpyiOT HHTOxpoMbi P450, aBJiaiomHeca 
lieoC)XO<U1Ml,IM 3BCHOM '/KH3HCHHO BaaCHbIX MeTaGojlHHeCKHX npOUeCCOB, TaKHX 
Kax CHHTe3 h AcrpaAauna cTepOHAHbix, peTHHOHAHbix ropMOHOB, npocTarnaH- 
AHHOB H aCHpHbIX KHCJIOT. 3 tH rCHbl COXpaHHIOTCH B lipOUCCCC 3BOJIIOHHH B 
BH^e o.'Hiiio'nibix KonHH. «HecTa6HjibHbie» reHbi noABepaceHbi nacTHM AynjiH- 
KaUHHM H lIOTepSIM B lipOUCCCC TaK Ha3bIBaeMOH 3BOJHOHHH pO'/ICAeima—cMep- 
th (birth—death evolution), cxopocTb KOTopon b 3toh rpynne cymecTBeHHO 
Bbiuie, mcm y «CTa6HnbHbix» reHOB. 1 hyuiujiMiomee GojibniHHCTBO reHOB, bxo- 
Aanpix b rpynny «HecTa6HjibHbix», KOAHpyiOT CYP450, ynacTByiomHe b Ae- 

TOKCHKailHH KCeH06H0THK0B. «HeCTa6HJIbHbie» reHbi MB.IMIOICM CVObCKTOM 
no3HTHBHoii cejieKHHH, b pe3ynbTaTe icoropoii H3MeHaeTca aMHHOKHCJiOTHaa 
nocjieAOBaTeabHocTb b Moneicynax (JiepMeHTOB b otbct Ha H3MeHeHHa b co- 
CTaBe nyacepoAHOH cpc;u>i. I paimuhi BapHa6ejibHOCTH «HecTa6HJibHbix» reHOB 
MoryT HMeTb mapaaceimyio BHAOByio ci ienn(|)m<y. HanpHMep, no ;uuiiu>im 
HHCTHT yTa reHOMHKH HCCJieAOBaTejibCKoro c|)OHAa HoBapTHca (Genomics Ins¬ 
titute of the Novartis Research Foundation, 2003), reHaM UHTOxpoMa CYP2W1 

y n03BOHOHHbIX CBOHCTBeHHa OHeHb HH3Kaa 3BOJIK)HHOHHaa H3MeHHHBOCTb. 
B to ace BpeMa y aM(|)H6nii h kocthctbix pw6 AJia 3 thx reHOB xapaKiepHO 
pa3HOo6pa3He, B03HHKaiomee b pe3yjibTaTe 3 kct6hchbhoh AynJiHKaijHH. IIo- 
CKOJibKy MexaHH3Mbi 3BOJHOHHH eAUHbi AJia Bcero acHBoro, to Bee, hto CKa3aHO 
Bbiuie o reHeTHKe CYP y no3BOHOHHbix, b paBHoii Mepe OTHOCHTca h k rejib- 
MHHTBM. 

B npouecce conpaaceHHOH sbojiiohhh napa3HTa h X03amia y rejibMHHTa 
npoHcxoAflT aAanraBHbie H3MeHemia MeTa6oAH3Ma, no3BOAaiomHe eMy ycnern- 
ho OKKynnpoBaTb nyacon opraHH3M, ho KOTopbie, BepoaTHO, He 3aTparHBaioT 
b 3HaHHTejibHOH Mepe CHCTeMy OnoTpaHCcjiopMaiiHH kccho6hothkob, tbojiio- 
HHOHHpyiomeH caMOCToaTejibHO y KaacAoro H3 cohjichob chctcmbi napa3HT— 
xo3aHH. HanpHMep, ecjin y HeJiOBexa CYP3A MeTa6oJiH3HpyeT napa3HTOHHA 
mHpOKoro cneKTpa AencTBHa — HBepMeKTHH, to y C. elegans h H. contortus 
MeTa6oAH3M HBepMeKTHHa He o6HapyaceH (Laing et al., 2015). IIoaTOMy nccne- 
AOBaTeAH MoryT nonynHTb OTpHuaTejibHbiH pe3yAbTaT, nbiTaacb BbiaBHTb ax- 
THBHOCTb CYP y rejlbMHHTOB c noMOiitbio CTaHAapTHbix cyScTpaTOB AJia hhto- 
xpoMOB P450 no3BOHOHHbix xo3aeB. 
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KaK OTMeneHo Bbiiue, OKHCJiHTenbHwe npoueccbi b c|)a3e I 6HOTpaHC(J»opMa- 
hhh KaTanH3HpyioT He tojibko CYP, ho h FMO, ocymecTBjiaiomHe y no3Bo- 
hohhbix npHeoeflHHeHHe aTOMa KHCJiopoAa k reTepoaTOMy HyKJieotjjHJibHbix 
KceHoSnoTHKOB. CeMeficTBO reHOB FMO ApeBHee, ero npeACTaBHTeJin oOHapy- 
aceHbi noHTH y Bcex HCCJieaoBaHHbix k HaeroameMy BpeMeHH opraHH3MOB 
(Cvilink et al., 2009). B reHOMe C. elegans h poactbchhoh C. briggsae o6Ha- 
pyaceHO 5 reHOB, KOAnpyK>mnx npeAnojiaraeMbie aHanorn FMO MJieKonH- 
TaiomHx, oahh H3 KOTopbix KJiaccH(J>HHHpoBaH KaK FMO 15. TeM He MeHee 
(jjyHKHHa 3Toro 6eJiKa ocraeTca HeH3BecTHOH (Petalcorin et al., 2005). Y jihhhh 
H. contortus, KaK HyBCTBHTeJIbHbIX, TaK H pe3HCTeHTHbIX K aHTHreJlbMHHTHKaM, 
He BblHBJICHO 3KTHBH0CTH FMO C THo6eH3aMHAOM (cneiIH<])HHeCKHM cy6dpa- 

tom FMO MjieKonHTaiomHx) (Vokral et al., 2013). 

PaA aHTHOKCHAaHTHbix (J)epMeHTOB (nepoKCHAa3a, kc3hthh OKCHAa3a) Mne- 
KonHTaiouiHX KaTajiH3HpyiOT OKHCJieHHe kccho6hothkob (Testa, van de Water- 
beemd, 2007, hht. no: Cvilink et al., 2009). Y B 3 pocjibix H. contortus BbiaBjieHa 
BbicoKaa aKTHBHocTb nepoKCHAa3bi, 6oJiee 50 % KOTopoii npHXOAHJiocb Ha bo- 
AopacTBopHMyio OejiKOByfo (jjpaKHHio (Kotze, 1999), TorAa KaK y Apyrnx reab- 
mhhtob — Ha MHTOxoHApnajibHyio (Paul, Barrett, 1980; McKelvey, Fioravanti, 
1986; Preston, Barrett, 1987). Y jihhhhok H. contortus aKTHBHocTb nepoKCHAa- 
3bi He BbiaBaeHa (Kotze, 1999). Ilpn oObacHeHHH 3Toro (j)aKTa aBTop ccbmaeT- 
ca Ha KajuiaxeHa c coaBT. (Callahen et al., 1988), no mhchhio KOTopwx aKTHB¬ 
HocTb nepoKCHAa3bi b hhtosojic cBa3aHa c 3amnTOH napa3HTa ot aTaKH nepe- 
khchmmh coeAHHeHHaMH xosaima, noaBjiaiomHMHca b pe3yjibTaTe otbcthoh 
peaKHHH Ha HHBa3Hio, b to BpeMa KaK MHTOxoHApnajibHbie c|>cp\ieim.i l ly >ki nn 
AAa Ae3aKTHBanHH tokchhhbix noOonHbix npOAyKTOB coOctbchhoto MeTa6o- 
HH3Ma. BoBJic'ieime nepoKCHAa3 b npoueccbi AeTOKCHKaunn kcchoOhothkob y 
reabMHHTOB 6bmo noApoOHo paccMOTpeHo b o63ope Bappma (Barrett, 1997). 
B iiacToamee BpeMa KaKOH-JiH6o AonojimrrejibHOH Hii(|)opMaiuiii no 3TOMy bo- 
npocy b AOCTynHoii HaM JiHTepaType He odiiapy/Kcuo. 

;(pyrne i|>epMeirn>i H3 BbiuienpHBeAeHHoro cimcKa raioKC ynacTByiOT b 3a- 
utHTe napa3HTOB ot AOK. B HacraocTH, noKa3aHO ynacTHe KaTaaa3bi, myrara- 
oh nepoKCHAa3bi, FTP b aauiHTe jihhhhok h B3pocJibix H. contortus ot 3K3oreH- 
hoh nepeKHCH BOAopoAa (Kotze, McClure, 2001; Bagnall, Kotze, 2004). Ile- 

pOKCHpeAOKCHHbl, BepOBTHO, HipaiOT OHeHb BByKHyiO pojlb B aHTHOKCHASHTHOH 
3amHTe KJieTOK, nocKOJibKy cy6KJieTOHHaa JioKajiH3aiiHa IIP yKa3biBaeT Ha to, 
HTO 3TH (jjepMeHTbl aKTHBHpyiOTCa B yCJIOBHaX KaK 3HAOreHHOTO, TaK H 3K- 
3oreHHoro OKHCJiHTeJibHoro CTpecca (Henkle-Duhrsen, Kampkotter, 2001). 
Y TpeMaTOAM S. mansoni o6HapysceHbi KaK 6aKTepHonoAo6Hbie IIP (ycTOHHH- 
Bbl K OKHCJIHTejIbHOH AC3aKTHBaiIHH, HTO BaHCHO AJia peryjiaHHH KJieTOHHbIX 
CHmajibHbix nyTeii), TaK h aHaaorn IIP MJieKonnTaiouiHX (Sayed, Williams, 
2004). y UIHCTOCOM OTCyTCTByeT aKTHBHOCTb KaTaJia3bI, OHH HMeiOT OTHOCH- 
TeabHO HH3Kyio aKTHBHocTb myTaTHOH nepoKCHAa3bi (Mkoji et al., 1988; Mei, 
LoVerde, 1997). IIoaTOMy hmchho nepoKCHpeAOKCHH urpaer raaBHyio pojib b 
aHTHOKCHAaHTHOH 3amHTe y 3 thx rejibMHHTOB h 3KcnpeccHpyeTCa KaK y caM- 
hob, TaK h y caMOK (Kwatia et al., 2000). Y S. mansoni HanAeHbi reHbi, KOAHpy- 
KdllHe ABe (JjOpMbl 2-L(hC nepOKCHpeAOKCHHa. OHH 3(j)(j)eKTHBHO yTHAH3HpyiOT 
BOCCTaHOBHTeJIbHbie 3KBHBajieHTbI H3 CHCTCM THOpeAOKCHHa H TJiyTaTHOHa. 
CnOCOSHOCTb np UIHCTOCOM HCnOJIb30BaTb aJIbTepHaTHBHbie AOHOpbl 3JieKTpO- 
hob MoaceT yKa3biBaTb Ha to, hto MexaHH3Mbi noAAepacaHHa peAOKC 6auaHca y 
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napa3HTa OTJiHnaiOTca ot TaxoBbix xo3hhh3 (Sayed, Williams, 2004). y TpeMa- 
to^li Fasciola hepatica OTcyTCTByeT aKTHBHOCTb xaTana3bi, axTHBHOCTb ray- 
TaTHOH nepoxcHaa3bi oneHb Mana, noaTOMy hmchho IIP aBJiaeTca rnaBHbiM 
«ae3aKTHBaiopoM» nepeKHCH Boaopoaa (McGonigle et al., 1997). AHanon-iH- 
hbih Bbrnoa 6biji caenaH b OTHOiueHHH nepoxcHpeaoxcHHa Ascaris suum (Tsuji, 
Kasuga-Aoki, 2001). Akthbhoctb 3toto <J>epMeHTa BbiaBjieHa b oenxoBbix 
SKCTpaKTax h SKCKpeTopHo-ceicpeTOpHMx npo^yKTax HeMaToaw Dirofilaria im- 
mitis (Chandrashekar et al., 2000). 


0»EPMEHTbI EMOTPAHCO»OPMAU,MM 0»A3bI II 

Ochobhbimh peaxnnaMH 4>a3bi II 6HOTpaHc4>opMannH y MJieKonmaiomHX h 
pacTeHHH HBJiaioTca rjiK)KopoHH3auHa, cyjib(j)aTauna, auerajinpoBaHHe, Mera- 
jinpoBaHHe, KOHbrorauHa c rjiyraTHOHOM h aMHHOKHCJiOTaMH (Cvilink et al., 
2009). B oTJiHHHe ot yxajaHHbix rpynn opraHH3MOB, y rejiBMHHTOB 3th peax- 
UHH OCTaiOTCH npaXTHHeCXH HeHCCJieaOBaHHblMH, 3a MCKJlK) l ieHHeM peaKUHH 
KOHbioramiH c rjiyTaTHOHOM, KaTajiH3HpyeMbix (JjepMeHTaMM ceMeiicTBa rjiyra- 
thoh S-TpaHC(|)epa3 (GST), k xoTopbiM npoaBJiaeTca 6oJibiHOH HHTepec b cbb3h 
c noHCKOM hobmx ciiocoOob 6opb6bi c rejibMHHT03aMH nenoBexa 11 aoManiHHX 
>XHBOTHbIX. Tax K3K MHOTOHHCJieHHbie pe3yjIbTaTbI HCCJie^OBaHHH GST CyMMH- 
poBaHbi b paae o63opHbix CTaTed (Torres-Rivera, Landa, 2008; Cvilink et al., 
2009; Cmhphob h ap., 2015), to hct HeoOxoanMocra b noapo6HOM ocBemeHHH 
/umiioro Bonpoca. TeM He MeHee ctoht oOpaiHii, BHHMaHHe Ha iieKOTopi.ie 
iipoo.ieMia b uccJieaoBaiiMM rjiyraTHOH S-ipanc(|)cpa3 reJibMHHTOB. 

K coacaneHHK), yo koiiiui He Bi.iMcneiibi Bonpocbi iioMeinciaiypbi rayiainoii 
S-TpaHct|)epa3 y napaiHTHHecxnx nepBeii, hto Taxace aBJiaeTca npooneMOH npn 
onncaHHH 3thx 6enxoB h y ypyrux jxhbothbix (EopBHHexaa h ap*, 2013). 3to 
CBH3aHo c TeM, hto iicpBona’iaaBiio HaH6onee nojiHo h noypooiio Obijih omica- 
hm cGST MJieKomrraioiiuix, h pa3pa6oTaHHbie ana hhx xpHTepHH ipa/umiioii- 
ho npHMeHaiOTca an» xapaxTepHCTHXH Bcex bhobb OTxpbmaeMbix 3H3hmob. 
Oanaxo MHorne aBTopbi oTMenaioT, hto Taxoil noyxoy CBa3aH c OonbinuMn 
Tpy^HOCTaMH npn onncaHHH (JiepMeHTOB, HMeiomHX npoMeacyTOHHbie cbohct- 
Ba. BbiacHeHHe oco6eHHOCTeii CTpoeHHa h ((jyHxunoHHpoBaHna GST renbMHH- 
tob HMeeT 6ojibuioe 3HaneHHe ana nonoJiHeHHa 6a3bi aaHHbix 06 3bojik>hhh 
3toto (JjepMeHTa, Ha ochobc xoTopoii bo3mo>xho co3aaHne hobbix npHHHHnoB 
HOMeHxjiaTypbi ceMeiicTBa. 

/(aHHbie jiHTepaTypbi CBnaeTenbCTByiOT o HajiHHHH y renbMHHTOB yHnxajib- 
hmx $opM cj^epMeHTOB, H3yneHHe xoTopbix npeacTaBJiaeT HecoMHeHHbiH HH¬ 
Tepec b CBa3H c hx bo3mo5xhoh pojibio b npHcnoco6jieHHH x napa3HTHHecxoMy 
o6pa3y 5XH3HH. HecMOTpa Ha to hto MHorae cGST reJibMHHTOB b 6oJibinefi hjih 
MeHbiueH cTeneHH cxoarn c <J>epMeHTaMH M, P, S h O xaaccoB apyrnx opra- 
hh3mob, TeM He MeHee ohh coaepacaT cymecTBeHHbie CTpyxTypHbie pa3JiHHHa 
no cpaBHeHHio c 3H3HMaMH xo3aeB, 3to aenaeT nepcnexTHBHHMH nccjie- 
aoBaHHa no noncxy napa3HTOcneuH(j)HHecxHX BaxnHH. HexoTopbie ycnexn b 
3tom HanpaBaeHHH y>xe aocrarHyTbi. HanpHMep, HMMyHH3aitna co6ax h xo- 
mhxob xaoHHpoBaHHOH H3 Ancylostoma caninum Ac-GST-1 CHH>xaaa y hhx 
npnacHBaeMOCTb HeMaToaw Ha 40 h 50 % cootbctctbchho (Zhan et al., 2005). 
OnpeaeneHHbie ycnexn aocTHmyTM npn Hcnojib30BaHHH cGST b xanecTBe 
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BaiajHH npn umcT030M03e h (JjacuHOJiese (Capron et al., 1992; Sexton et al., 
1990). 

Y MJieKonHTaiomHx b peaRpnax KOHT>K)rau,HH c KceHo6HOTHKaMH KpoMe 
rnyTaTHOH S-TpaHC(J)epa3 MoryT ynacTBOBaTb h Apyrne TpaHcc|)epa3bi, TaKHe 
Rax y/l<l>-rjTK)KopoH03HJTTpaHcc|)epa3a, N-au,eTHjnpaHC(})epa3a, MeTHjrrpaHCtjje- 
pa3a h cyjibcJ)OTpaHC(J)epa3a. y rejibMHHTOB TaKace o6HapyaceHbi pa3JiHHHbie 
BHAbi peaKu,HH Kom.ioranim, oAHaKO ohh 6mjih accou,HHpoBaHbi c MeTa6ojiH3- 
mom npoAyRTOB co6cTBeHHoro o6MeHa, a He kc6ho6hothkob (Cvilink et al., 
2009). Aft3eK c coaBT. (Isaac et al., 1990) bmhbhjih y HeMaTOAbi Brugiapahangi 
cnoco6HOCTb k N-au,eTHJiHpoBaHHio b npncyTCTBHH aperaji-CoA t3khx 6ho- 
reHHbix aMHHOB, Rax ao(J)3mhh, oKTonaMHH, cepoTOHHH. Akthbhoctb N-ape- 
THJiTpaHC(J)epa 3 bi BbiaBJieHa y Ascaridia galli (Isaac et al., 1991). 

y Schistosoma mansoni BbiaBJieHa aKTHBHOCTb, cxopHaa c t3koboh cyjib- 
(})OTpaHC(})epa3, KOTopaa npoaBHJiacb npn bo3ACHctbhh Ha 3Ty TpeMaTOAy aH- 
THreJibMHHTHKa OKcaMHHXHHa (Pica-Matoccia et al., 2006) h KOHKypeHTHO hh- 
rH6npoBajiacb o6biHHbiMH cy6cTpaTaMH 3 thx (jjepMeHTOB — (3-3CTpaAHonoM h 
KBeppeTHHOM. Cyjib(J)OTpaHC(J)epa3a 3Toro napa3HTa Ha 40 aMHHOKncjiOTHbix 
ocTaTKOB Kopone, neM aHanorHHHbiH (jjepMeHT neJiOBeKa, OTJiHnaeTca no Tono- 
jiorHH h HMeeT AonojiHHTejibHyio a-cnnpajib (Valentim et al., 2013). Y poact- 
BeHHOH S. mansoni TpeMaTOAbi S. hematobium b MOJieKyjie cyjibtJjOTpaHCcJjepa- 
3bl BbiaBJieHbl 3 aMHHOKHCJlOTHbie 3aMeHbI, KOTOpbie He n03BOJiaK)T 3H3HMy 
CBa3bIBaTbCa C OKCaMHHXHHOM. Il03T0My 3TOT napa3HT yCTOHHHB K AeHCTBHK) 

AaHHoro aHTHrejibMHHTHKa. y pecTOAbi Hymenolepis diminuta aKTHBHOCTb 
cyjib(J)OTpaHC(J)epa3 He BbiaBJieHa (Raines, Barrett, 1988). 


OA3A III bhotpahcoopmaii;hh kcehoehothkob 

Kax OTMeneHO Bbiuie, b <j)a3e III 6noTpaHC<j)opMapHH npoHcxoAHT BbiBe- 
AeHHe H3 KJieTOK TOKCHHecKHx MeTa6ojiHTOB, o6pa30BaBuiHxca H3 npeAinecT- 
BeHHHKOB Kax 3K3oreHHoro, Tax h 3HAoreHHoro npoHCxoacAeHHa. 3th Be- 
mecTBa He MoryT npoxoAHTb nepe3 SncjioHHbie <j)oc<j)OJiHnHAHbie KJieTOHHbie 
MeM6paHbi, noaTOMy cyipecTByeT CHCTeMa cnepH<j)HHecKHx MeM6paHOCBa3aH- 
hmx TpaHcnopTHbix 6eJiKOB, c noMOipbio KOTopbix h ocymecTBJiaeTca nepeHoc 
KceHo6HOTHKOB nepe3 MeM6paHbi. CymecTByeT 2 ochobhmx rana TpaHcnopT¬ 
Hbix 6ejiROB — nepBbie HMnoprapyiOT kccho6hothkh BHyTpb KjieTKH (ohh xa- 
paKTepHbi AJia npoxapHOT), BTopbie ocyipecTBJiaioT BbiBeAeHne KceHo6HOTHKOB 
H HX MeTaOoJIHTOB H3 KJieTOK. HaH60JIbUIHH HCCJieA0B3TeJIbCKHH HHTepec y 
cnepnajiHCTOB no 6hoxhmhh rejibMHHTOB Bbi3biBaiOT 6ejiKH BTopoft rpynnbi 
H3-3a hx ynacTHa b c|jopMHpoBaHHH ycTOHHHBocTH k JieKapcTBeHHbiM npena- 
paTaM. 

,ZJ>kohc h /1>kopa>k (Jones, George, 2005) HacnmajiH y napasHTHHecKHx 
opraHH3MOB 6ojiee 60 tchob ABC TpaHcnopTepoB (http//:www.ebi.ac.uk./para- 
sites/parasite-genome.html). 

IlepBbie HCCJieAOBaHHa no HAeHTH<j)HKapHH Pgp y reAbMHHTOB 6mjih npoBe- 
AeHbi Ha Caenorhabditis elegans (Linke et al., 1992). 3r<cnpeccHa Aeyx tchob 
P-rjiHKonpoTeHHOB iiOAceMencrBa ABCB noKa3aHa b KjieTKax KHuieHHHKa 
y TpaHcreHHbix C. elegans (Alvarez et al., 2006). EbiJia pacuiHijjpoBaHa nojiHaa 
HyKJieoTHAHaa nocjieAOBaTeJibHOCTb reHa Pgp-A y H. contortus, KOTOpbift, Be- 
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posTHO, ynacTBycT b (JjopMHpoBaHHH ycTOHHHBOCTH napa3HTa k HBepMeKTHHy 
(Sangster,1994; Xu et al., 1998). HeKOTopbie Pgp, TaKiie KaK Pgp-A, a TaKJKe 
Pgp-9 (Hco-Pgp-9) y II. contortus 3Kthbho 3 KcnpeccHpyK)Tca y jihhhh, ycTOH- 
hhbmx k HBepMeKTHHy (Prichard, Roulet, 2007; Ardelli, Prichard, 2013). B re- 
HOMe H. contortus, kotopmh He^aBHO 6biJi nojiHOCTbK) ceKBeHHpoBaH, onncaHO 
no MeHbuien Mepe 10 Hco-Pgp reHOB (Laing et al., 2013). Ecjih Pgp-A npn 

OKpaniHBaHHH hhtchchbho BH 3 yajni 3 HpyeTCM b raoTKe h KiiniciHiiKe, to 
Hco-PGP-9 b MaTKe. OyriKUHa nocJieAHero HeH3BecTHa, ho npezjnojjaraeTca, 
hto ero ponb aHajiorHHHa ABC TpaHcnopTepaM (ABCB 1) MjieKonHTaioinHx h 

COCTOHT B BbIBeAeHHH KCeHOOHOTHKOB H3 M3TKH H TpaHCnopTe HeKOTOpbIX JIH- 

nnAHbix MOJieKyn, Heo6xoAHMbix .zyia C03peBaHHa anu, (Godoy et al., 2016). 
^Ba roMOJiora Pgp BbiaBJieHbi y Onchocerca volvulus (Jones, George, 2005). 

y S. mansoni odnapyaceHbi 3 Pgp, H3 KOTopbix SMDR1 h SMDR2 6bum ro- 
MOJiorHHHbi Pgp MjieKonHTaiomHx (Bosch et al., 1994). H 3 F. hepatica Bbme- 
jieH reH Pgp, kotopmh no HyKJieoTHAHOH noejieAOBaTejibHOCTH cxo^eH c 
SMDR2 S. mansoni h nenoBeHecKHM MDR1 Ha 43 h 36 % cootbctctbchho 
(Reed et al., 1998). IIoKa3aHa CBa3b Meacay ypoBHeM 3KcnpeccHH Pgp h ycTOH- 
HHBOCTbio S. mansoni k npasiiKBaiiTejiy h F. hepatica k TpHKjia6ena;a30- 
Jiy (Greenberg, 2014). Y caMOK S. mansoni, o6pa6oTaHHbix HHrnoHTopaMH 
3KcnpeccHH Pgp, He TOJibKO CHHacajiocb kojihhcctbo npo^yunpyeMbix anu, ho 
h 00 Hapv>KeHbi m 0 p c|j o j 1 o r h h e c k h e H3MeHeHHa npn hx pa3BHTHH (Kasinathan 
et al., 2011). 

ABC TpaHcnopTep 6biJi HaipzieH y E. granulosus. Oah3ko ero roMOJiorna c 
ApyrHMH Pgp 6buia hh3koh (Kerboeuf et al., 2003). 


3AKJ1IOHEHHE 

B npouecce 3bojhou,hh b KneTKax KaK npoKapnoT, TaK h 3yKapnoT ccjjopMH- 
poBanacb CHCTeMa OiiOTpanctljopManiiii kccho6hothkob, neTKoe h cnaaceHHoe 
4iyHKU,HOHHpoBaHHe KOTopoii oOecnenHBaeT BbDKHBaHHe jkhbhx opraHH3MOB 
npn H3MeHeHHH XHMHHecKOH cocTaBjiaioineH OKpyacaioureH cpe^bi. B cjrne I 
ocyuiecTBjiaeTca okhcjichhc, BOCCTaHOBjreHHe hjih thapojih3 kccho6hothkob 
nyTeM BBe^eHna b MOJieKyjiy hjih pacKpbiTHe b ee CTpyKType peaKTHBHbix h 
rnnpocJjHJibHbix rpynn. B <|>a3e II kcchoOhothkh hjih hx MeTaOojiHTbi H3 cjja3bi I 
no^BepraiOTca KOHi>K>rau,HH c 3H,zioreHHbiMH coeAHHeHHaMH, rjraBHbiMH H3 ko- 
Topbix aBjiaioTca rnyraTHOH, rjnoKypoHOBaa KHCJioTa, aMHHOKHCJioTbi h cyjib- 
cJjaTbi. Akthbhbih TpaHcnopT cydcTpaTOB, MeTaOoJiHTOB h KOHT>ioraTOB nepes 
KJieTOHHbie JiHnHAHbie MeMOpaHbi ocyinecTBjiaeTca cneu,HajibHbiMH TpaHcnopT- 
HbiMH 6ejiKaMH. 3tot npou,ecc b HacToainee BpeMa paccMaTpHBaeTca KaK cj?a3a 
III. AHajiH3 JiHTepaTypbi noKa3biBaeT, hto CHCTeMa 6HOTpaHCc|jopMannn kccho- 
6hothkob y rejibMHHTOB HMeeT cyinecTBeHHbie OTJiHHHa ot TaKOBOH no3BOHOH- 
Hbix xo3aeB. B nacTHOcra, y napa3HTOB He perncTpnpyeTca aKTHBHOCTb ochob- 
HblX OKCHA33 (J)a3bl I, T3KHX KaK CYP HJIH FMO, HeCMOTpa Ha TO HTO reHbl 3THX 
(jjepMeHTOB o6HapyaceHbi b JJHK. TaK KaK 3tot cIjchomch npoaBjiaeTca rnaB- 
HbiM o6pa30M y HMarHHajibHbix (JjopM rejibMHHTOB, o6nTaK)Uj,Hx b KHiueHHHKe 
no3BOHOHHbix xo3aeB, to Bbi/jBHHyTa rHnoTe3a, hto oh CBa3aH c bo3hhkuich b 
npou,ecce 3bojhou,hh a^anTaijneH k oOnTaHHio b ycjiOBHax pe3Koro .zjecjjHUHTa 
KHCJiopojja (Kotze et al., 2006). 
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/^aHHbie JiHTepaTypbi CBM^eTeJibCTByioT o HajiHHHH y reJibMHHTOB yHHKajib- 
hhx (J)opM (J)epMeHTOB (})a3bi II, H3yneHHe KOTopbix npe^cTaBJiaeT HecoMHeH- 
HblH HHTepeC B CBH3H C HX B03M05KH0H pOJIbK) B npHCnOC()6jieHHH K napa3H- 
THHecKOMy o6pa3y )KH3HH. HecMOTpa Ha to hto MHorae cGST renbMHHTOB b 
Sojibmeft hjih MeHbnieii cTeneHH cxokh c (JiepMeHTaMH M, P, S h O KJiaccoB 
^pyrax opraHH3MOB, tcm He MeHee ohh co^ep^caT cymecTBeHHbie CTpyKTyp- 
Hbie pa3JiHHHa no cpaBHemno c 3H3HMaMH xo3neB, 3to ACJiaeT nepcneKTHBHbi- 
mh HccJieAOBaHHH no noHCKy napa3HTocneuH(^HHecKHx BaxijHH. 

B HacTonmee BpeMa 6ojibmoe BHHMaHHe HCCJie^OBaTejiH yqejuiiOT H3yne- 
hhk) 6ejiKOB cj>a3bi III, Tax Kax HaKanjiHBaeTca Bee Gojibme CBe^eHHH 06 ynac- 
THH ABC TpaHCnOpTepOB napa 3 HTOB B (J)OpMHpOBaHHH pe 3 HCTeHTHOCTH K 

aHTHrejibMHHTHKaM. B nacTHocTH, noKa3aHa B3aHMocBH3b Me^y ypOBHeM 
3KcnpeccHH Pgp h ycTOHHHBOCTbio S. Mansoni h F. hepatica k tbkhm ihhpoko 
H cnojib3yeMbiM rejibMHHTOifH/jaM, Kax npa3HKBaHTeji h TpHKjia6eH,zta30Ji. 

TaxHM o6pa30M, HaKonneHne 3HaHHH 06 3H3HMaTHnecKHx cncTeMax, koto- 
pbie jih 6 o OTcyTCTByiOT, jih 6 o cnei^H^HHHbi Rim napa3HTa, MO^ceT o6Hapy)KHTb 
6ojibmoe hhcjio 6 cjikob, HrpaiomHx pemaiomyio pojib npn BbDKHBaHHH b xo3h- 
HHe, hto Mo^ceT oxa3aTbca cymecTBeHHbiM npn pa3BHTHH mcto^ob xHMHOTepa- 
nnn napa3HT030B. 
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SUMMARY 

The three phases system xenobiotic biotransformation in cells as prokaryotes as euka¬ 
ryotes was formed during the process of evolution. Clear and managed function of all three 
links of this system guarantee the survival of living organisms at alteration of chemical 
component of environment. Oxidation, reduction or hydrolysis of xenobiotics realize in 
phase I by insertion or opening reactive and hydrophilic groups in structure of drug mo¬ 
lecule. In phase II xenobiotics or their metabolites from phase I conjugate with endogenic 
compounds, main of there are glutathione, glucuronic acid, amino acids and sulphates. 
Active transport of substrata, metabolites and conjugates through cell lipid membranes 
special transport proteins carry out (phase III). 

The system of xenobiotics biotransformation of helminths has essential differences 
from the same of vertebrate hosts. In particular, parasites do not reveal the activity of pri- 
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me oxidases of phase I, such as CYP or FMO, in spite of the genes of these enzymes in 
DNA. As this phenomenon displays mainly in adult helminths, living in guts of vertebra¬ 
tes, then the hypothesis was formulated that this effect is related with adaptation to conditi¬ 
ons of strong deficiency of oxygen, arise in a process of evolution (Kotze et ah, 2006). 

Literature data testify the existence in helminths of unique forms of enzymes of phase 
II, the investigation of which present doubtless interest in relation with possible role in 
adaptation to parasitic mode of life. Notwithstanding that many of helminths GST in grea¬ 
ter or lesser degree similar with enzymes of M, P, S and O classes of other organisms, ne¬ 
vertheless they have essential structural differences as compared with enzymes of hosts 
that makes perspective the search of specific anthelminthics vaccines. 

Transport of xenobiotics is now considered phase III of biotransformation. It was 
shown that proteins of this phase (ATP binding cassette transporters (ABC) of parasites) 
play a key role in efflux of lipophilic xenobiotics, hydrophilic metabolites and conjugates 
and take part in forming of anthelminthics resistance. Some of these transporters, such as 
P-glycoprotein (Pgp), are important for drug resistance of helminths. In particular, a corre¬ 
lation between the level of expression of Pgp and resistance of S. mansoni and F. hepatica 
to widely used anthelminthics as praziquantel and triclabendazol exist. 
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